NA49 results on hadron production: 
indications of the onset of deconfinement ? 
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Abstract. The NA49 experiment at the CERN SPS measured the energy and system 
size dependence of particle production in A+A collisions. A change of the energy 
dependence of several hadron production properties at low SPS energies is observed 
which suggests a scenario requiring the onset of deconfinement. 



INTRODUCTION 

In heavy ion interactions at sufficiently high collision energy the creation of a deconfined 
state of matter, the quark gluon plasma (QGP), is expected JEI2]- At RHIC and top SPS 
energies the energy density of the fireball in the early stage was estimated to be large 
enough to create QGP. In contrast at low AGS energies the maximum energy density is 
probably too low for the creation of deconfined matter. In order to look for the onset of 
deconfinement the NA49 experiment at the CERN SPS studied the hadronic final state 
of Pb+Pb collisions in the energy range 20A - 158A GeV. 

In addition to the energy scan program, NA49 also measured the dependence of hadron 
production properties on the size of the colliding nuclei and the centrality of collisions. 



THE NA49 EXPERIMENT 

The NA49 detector system 10] is a large acceptance fixed target hadron spectrometer. 
Its main devices are four large time projection chambers (TPCs). Two of them, called 
vertex TPCs, are located in two superconducting dipole magnets. The other two TPCs 
are installed behind the magnets left and right of the beam line allowing precise particle 
tracking in the high density region of heavy ion collisions. 

The accuracy of momentum determination is Apj 1 p 2 ~ (0.3 —7) • 10 -4 (GeV/c) -1 . 

The measurement of the energy loss dE/dx allows identification of pions, protons, 
kaons and electrons for momenta p > 4 GeV/c. The NA49 experiment is equipped with 
two time of flight walls which, together with the energy loss measurement, allow a good 
separation of the particle species at midrapidity. Decaying particles can be identified 
with a good precision via the reconstruction of the decay vertex and / or the invariant 
mass method. 

The downstream veto calorimeter allows a determination of the centrality of a colli- 
sion by measuring the energy in the projectile spectator region. This measure of central- 
ity is independent of the multiplicity of produced particles which is important in a study 
of multiplicity fluctuations. 



A large variety of different colliding systems was studied. Beams of p and Pb are 
available at the CERN SPS directly, C and Si beams were produced via fragmentation 
of the primary Pb beam. Targets of liquid hydrogen or solid foils of different materials 
were used. 

In this paper results of the energy scan, which covers Pb+Pb collisions at 20A, 
30A, 40A, 80A and 158A GeV, and results of the system size scan at 40A and 158A 
GeV are shown. The data should be considered preliminary unless a reference to the 
corresponding publication is given. 

RESULTS 



Pions: 

Most of the produced particles are pions and thus they carry most of the entropy 
produced in the collision. 
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FIGURE 1. Energy dependence of pion multiplicity (k) to the nubmer of wounded nucleons (Nw) 01 
(left), of the (K + ) / (k+) ratio (middle) and the {K~) / (n~) ratio H (right) in Pb+Pb (Au+Au) (full 
symbols) and p+p(p) (open symbols) collisions. 

Figure [l] shows the pion yield per wounded nucleon in central Pb+Pb (Au+Au) 
collisions and p+p interactions as a function of the Fermi variable 

F = (y/SNN — 2mA?) 3 ^ 4 / (y/SNN) 1//4 ~ a/ y/SNN- The ratio (n) / (Nw) rises linearly with 
F for p+p interactions. For heavy ion collisions at low energies (it) / (Nw) is smaller 
than for p+p by a constant amount which may be attributed [5] to pion absorption in 
the hadronic medium. At low SPS energies the pion multiplicity in Pb+Pb collisions 
starts to increase faster with energy than in p+p interactions. This enhancement of pion 
production may indicate an increase of the number of degrees of freedom in the QGP 
phase and suggests the onset of deconfinement at low SPS energies. 

The system size dependence of pion production for various energies is shown in 
figure El Both the suppression at low energies and the enhancement at high energies 
start already in small systems. 

Kaons: 

Strangeness is a very interesting observable because it is expected to be produced 
differently in a hadron gas and in the QGP. At SPS energies s-quarks are carried mainly 
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FIGURE 2. System size dependence of pion yield for 2A GeV lHH (left), 40A GeV 01 (middle) and 
158A GeV flEfl] (right). 



by As and anti-kaons, while most s-quarks are carried by kaons. Therefore the K + meson 
multiplicity is approximately equal to half to the total number of s (and therefore also 
s) quarks produced in the collision. In order to take out the influence of center of mass 
energy on particle production the strange hadron yields are divided by the number of 
pions. 

The energy dependence of the (K + ) / ratio shows (figure [l]) the famous "horn" 
which can not be reproduced by hadron gas models assuming 75 = 1 or string hadronic 
models. The increase of the (K~) / ratio slows down at low SPS energies. Both 
features are consistent with a model assuming a first order phase transition ||5|] in which 
they are explained by a lower fraction of strange to non-strange degrees of freedom in 
the QGP than in the hadron gas. 
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FIGURE 3. System size dependence of the (K+) / ratio at 5A GeV 0, 40A GeV H and 158A 
GeV HO. 

For central collisions the (K + ) / ratio rises quickly with system size for all ener- 
gies as shown in figure This effect can be attributed to the strong volume dependence 
of relative strangeness production, in statistical models known as canonical strangeness 
suppression ll9L ll2ll . 

The relative kaon production increases with centrality of the collision, the increase is 
faster and it saturates earlier for higher energies. 



The number of wounded (or participant) nucleons Nw (or Np) is not a good scaling 
parameter. The (K + ) / (n + ) ratio for central collisions of small systems is larger, espe- 
cially at lower energies, than the ratio for peripheral collisions of large systems with the 
same number of wounded nucleons (Nw)- This may be due to low collision density in 
peripheral reactions. 

The (K~) I (%~) ratio, not shown here, behaves qualitatively similar to the 
(K + )/(n + ) ratio. 

^ -mesons: 

The vector meson has zero net strangeness and is not expected to be correlated to total 
strangeness production if it is produced according to the statistical hadron gas model. 
However if the is produced by coalescence of a strange and an anti- strange quark its 
yield will be sensitive to the strange quark density of the produced matter. 




FIGURE 4. Left: Energy dependence of the (0) / (it) ratio for central Pb+Pb (Au+Au) collisions |Q 
m. Right: System size dependence of the (0) / (it) ratio at 158A GeV fflllUl. 

The energy dependence of the (0) / (it) ratio (figure© shows indications of a non- 
monotonic behavior at the low SPS energies. The system size dependence shows a 
similar structure as it was observed for the (K + ) / (n + ) ratio. This indicates that 
production is sensitive to total strangeness production and favors the picture of the 
production via coalescence of a strange and an anti-strange quark. 

Hyperons: 

The energy dependence of the (A) / (ic) ratio shows a maximum at high AGS or low SPS 
energies. The position of that maximum is consistent with the position of the maximum 
in the (K + ) / (n + ) ratio. The energy dependence of (A) / (n) can be approximately 
reproduced by a hadron gas model assuming 75 = 1 [16] (see solid curve in figure 13). 
The (3) / (tc) ratio seem to have a maximum at low SPS energies like the (K + ) / (n + ) 
and the (A) / (%) ratios. The maximum is absent in the (Q.) / (n) ratio. The analysis of 
multi-strange hyperons is in progress and future results might clarify the situation. 

Both the (S) / (n) and the (€L) / (it) ratios at SPS energies are underestimated by the 
string hadronic UrQMD model 111 8ll (see curves in figure 



s and s yield: 

The yields of K , A, S and Q. were used to calculate the total number of constituent s- 
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FIGURE 5. Energy dependence of the (A) / (n) HQ, (S) / (n) Q and (Q + Q) / (rc) O ratios in 
central Pb+Pb (Au+Au) collisions. 



quarks produced in the reaction. The corresponding antiparticles were used to estimate 
the s-quark yield. The correction for the missing measurements was calculated based on 
the hadron gas model 111 911. 
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FIGURE 6. Energy dependence of constituent s and s quark multiplicities (left) and their ratios to the 
pion yield (right). 

Figure |6] shows that both NA49 and AGS data fulfill strangeness conservation 
((s) = (s)). The "horn" which was observed in the (K + ) / (n + ) ratio is also seen in 
the (s) I (n) and (s) / (n) ratios. The energy dependence of (s) and (s) also shows an 
anomaly at low SPS energies: the increase of strangeness with energy is getting weaker 
at the low SPS energies. 

Transverse mass spectra: 

The transverse mass spectra can be parametrized by the inverse slope parameter T 
obtained by fitting the function d 2 n/ ' {mjdydmj) = C ■ exp (— (mj) /T). Collective flow 
effects cause a flattening in the low mj — domain for heavier particles whereas at high 
mj — mo the particle spectra follow rather a power law than an exponential dependence. 
Thus the fit range has to be limited to an intermediate mj range. A simple exponential 
parametrization works best for kaons. 



Another characterization of the shape of transverse mass spectra is the mean trans- 
verse mass (mj). Its advantage is that it can be used even for non-exponential spectra. 




FIGURE 7. Energy dependence of the inverse slope parameter of kaons for central Pb+Pb (Au+Au) 
and p+p 112011 collisions. 

Figure |7] shows that the inverse slope parameter of kaons increases in the AGS and 
RHIC energy domains but it stays constant at SPS energies. This feature, which is not 
seen in p+p interactions, might be attributed to the latent heat of a phase transition |0] 
and is in fact consistent with hydrodynamic model calculations assuming a first order 
phase transition 112 ill . 
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FIGURE 8. Energy dependence of the mean transverse mass of various hadrons produced in central 
Pb+Pb (Au+Au) collisions. Positive (negative) particles are represented by full (open) symbols. 

Similar energy dependence (the "step") is evident from figure [5] for (my) —niQ. It 
seems to be present for pions, kaons and protons. 

The inverse slope parameter T fitted in the intermediate mj region rises linearly with 
particle mass with the slope being larger for larger systems (figure 0). This effect could 
be explained in the following way: The inverse slope has both a thermal component and 
a contribution of the collective expansion. The latter gets larger for heavier particles and 
larger colliding systems. 




CONCLUSION 

Several anomalies in the energy dependence of hadron production properties were ob- 
served by the NA49 experiment. These are the "kink" for pion multiplicities, the "horn" 
for the strangeness to pion ratio and the "step" for the mean transverse mass of vari- 
ous hadrons. These observations can not be described by present hadronic models. In 
contrast, the results are consistent with the onset of deconfinement at low SPS ener- 
gies HQ. 



The system size dependence of various hadronic observables, e.g. the (K) / {n) ratio, 
shows early saturation in central collisions of different size nuclei. Peripheral collisions 
of large nuclei behave quite differently from central collisions of small nuclei with the 
same number of wounded nucleons. This difference is larger for smaller energies. 
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